Introduction
In recent decades, awareness of the importance of oral health in relation to well-being and general health has grown [1] . Dental calculus, dental plaque, gingivitis, halitosis, and stain are all conditions of great concern in both objective and subjective perspectives. Gingivitis, inflammation of the gum, is one of the most common diseases in the world [2] . Prevalence is high and varies extensively due to assessment method, population, and age group [3, 4] . The primary causative factor of gingivitis is dental plaque, a biofilm formed by bacteria that have been colonizing on the teeth for a prolonged period of time [5, 6] . Plaque-induced gingivitis can be prevented with good oral hygiene, which includes regular tooth brushing and interproximal cleaning [7, 8] .
Moreover, patient-administered mechanical plaque control is an effective preventive measure.
Tooth stain may be due to several factors, for example, coffee, tea, tobacco, and wine. If dental plaque is not removed, it may lead to calculus formation, halitosis, and eventually periodontal disease [9, 10] . Dental calculus forms when non-mineralized biofilms rich in oral bacteria become mineralized with calcium phosphate mineral salts [11, 12] . This mineralized biofilm may develop both supra-and subgingivally. The significance of dental calculus in the initiation and progression of periodontitis has been demonstrated [12] . Similar to gingivitis, bacterial plaque may also induce inflammation around dental implants, that is, peri-implant mucositis [13] , which can develop into peri-implantitis.
Intervention
Tooth cleaning with a manual or electric tooth brush and a stabilized SnF 2 dentifrice, or with experimental slurries containing stabilized SnF 2 .
Comparison
Tooth brushing twice daily with another fluoridated or nonfluoridated dentifrice, a placebo, or no treatment.
Outcome
Dental calculus: the Volpe-Manhold Calculus Index [24] ; dental plaque: various plaque indices [25, 26, 27] ; gingivitis: the Gingival Index [28, 29] , the Modified Gingival Index [30] , the Gingival Bleeding Index [31] , or the Bleeding Index [32] ; halitosis: a reduction in volatile sulphur compounds [33] ; and stain: the Lobene stain index [34] .
Exclusion criteria
Duplicates, reviews, in vitro studies, animal studies, and noncontrolled studies were omitted. Other exclusion criteria were (i) the test dentifrice contained stannous chloride or SnF 2 in combination with potassium nitrate or amino fluorides, (ii) the SnF 2 formulation was applied in a gel, (iii) ionic or laser toothbrushes were used, (iv) a mouthwash was used (Table 1) , (v) outcome data regarding dental plaque, gingivitis, stain, or halitosis were unclear.
Literature search strategy
We searched Medline OVID (including Epub Ahead of Print, InProcess & Other Non-Indexed Citations), Embase.com, and the Cochrane Library using medical subject headings (MeSH) associated with SnF 2 , dentifrices, the dental problems being assessed in this review, and related dental problems. The MeSH terms identified in Medline were adapted to Embase and Cochrane. We also used free-text terms and, when appropriate, truncated and/or combined the search terms with proximity operators.
The following search terms were used: gingivitis, dental plaque, dental plaque index, plaque control, gingival hemorrhage, bleeding on probing, biofilms, inflammation, dental calculus, anti-calculus, calcificat, tartar, dental, tooth, teeth, tooth discolorations, stain, halitosis, malodor odor, breath, fetor oris, fetor ex, or foetor, periodontitis, aggressive periodontitis, chronic periodontitis, periodontal pocket, periapical abscess, periapical granuloma, peri-implantitis, tin fluorides, stannic, fluoride, difluoride, tetrafluoride, stannofluoride, snf, dentifrices, paste, and toothpaste; the free-text terms we used were crest pro health, crest gum care, and crest plus gum care.
Information specialists at the university library at Karolinska Institutet in Stockholm searched from database inception until January 2018 (dental calculus, dental plaque/gingivitis, stain, halitosis) according to the PRISMA flow chart (http://prisma-statement.org/). The authors also conducted searches by hand after reading the reference lists of retrieved full-text papers to identify additional articles.
Study selection
The reviewers formed pairs. Each pair reviewed one of the problem categories: dental calculus, dental plaque, gingivitis, halitosis, and stain. Each of the reviewers in a pair independently screened all titles and abstracts for a category to identify potentially eligible studies. The reasons for excluding a study were noted ( Table 1 ). Studies that met the inclusion criteria were obtained in full text and assessed for eligibility. When the two reviewers disagreed, consensus was reached by discussion. The reviewers were not blinded to authorship or journal. Figure 1 summarizes the literature search and article selection in a flow chart.
Data extraction
Data were extracted and tabularized from all studies meeting the inclusion and exclusion criteria ( Table 1 ). The present review reports only baseline and final results. Mean values and standard deviations (SDs) or standard errors (SEs) were extracted from the studies.
Risk of bias assessment
Each reviewer in a pair independently scored the methodological quality of the included studies. Quality was rated using a risk bias assessment checklist developed by the Swedish Agency for Health Technology Assessment [35] . The SBU risk bias checklist is similar to the Cochrane checklist (http://www.cochrane.org/). In short, selection bias, performance bias, detection bias, attrition bias, and reporting bias were rated. Based on this information, risk of bias was judged as low, medium, or high.
Data analysis
The outcome of the intervention compared to placebo was of interest for estimating treatment efficacy. Since few studies were available to form the same pairwise comparisons, a random-effect meta-analysis was applied only for 6-month gingivitis studies. All SE values were recalculated into SD using the formula SD ¼ SE Â ffiffiffiffi N p : Since some studies used different indices to measure gingivitis the means and SDs of assessments of gingival inflammation reported at 6 months were used to estimate the standardized mean difference (SMD) and 95% confidence interval (95% CI). Figure 1 . Flow chart presenting the literature search for dental calculus, dental plaque/gingivitis, halitosis and stain. (n ¼ dental calculus/dental plaque þ gingivitis/ halitosis/stain).
Records
Heterogeneity was quantified using I 2 and tested using Cochran's Q statistic. A probability level of P < 0.05 was considered significant.
Results
The literature search identified 42 articles referring to dental calculus, 451 to dental plaque and gingivitis, 45 to halitosis, and 75 to stain (Figure 1 ). After duplicates were excluded, 279 abstracts remained and were screened. Two papers on dental calculus, 21 on dental plaque/ gingivitis, 4 on halitosis, and 5 on stain were reviewed in full text. Hand searching yielded no additional articles.
Dental calculus
The two included studies (Table 2) were published between 2005 and 2007. Both were double-blinded, randomized, and parallel-grouped 6-month trials representing 222 participants (age range 19-63 y) with 113 patients in test groups and 109 in control groups. The test toothpaste in both studies was 0.454% SnF 2 þ SHMP. One study used a positive control (0.243% NaF þ0.3% triclosan; [36] , and one a negative (0.243% NaF; [37] . After 6 months, the Volpe-Manhold Calculus Index showed 55%-56% lower values for the test toothpaste than either of the positive or negative controls. The differences were statistically significant.
Dental plaque and gingivitis
Twenty-one full-text articles published between 1995 and 2013 met the inclusion criteria ( Table 2) . Table 3 presents the study design, characteristics, outcome variables, results, and risk of bias of the included studies in detail.
The studies included various study population such as patients, students, volunteers or subjects employed at dental product companies. The number of subjects varied greatly, ranging from 14 to 835 subjects. The 21 included studies comprised 3221 subjects. The duration of the studies ranged from 24 h to 2 years. One study had a duration of 2 years [38] , 8 studies of 6 months [39, 40, 41, 42, 43, 44, 45, 46] , one study of 4.5 months [47] , five studies of 3-12 weeks [48, 49, 50, 51, 52] , four studies of 14-17 days [53, 54, 55, 56] , and two studies of 24 h [57, 58] . Most test products contained 0.454% SnF 2 þ SHMP as the active ingredients. One study, however, contained sodium gluconate and two contained zinc citrate. The control dentifrices in 12 studies contained between 0.1% and 0.15% fluoride as sodium fluoride. Eight trials also included 0.3% Triclosan (TCN) one trial included phenolics (Listerine) and Baking soda þ Hydrogen peroxide and one trial included Chlorhexidine as a positive control.
Various indices were used to assess the presence and/or amount of plaque at the examinations. Two studies measured the percentage of surfaces harboring plaque in relation to the total number of tooth surfaces. Four studies [40, 41, 51, 52] , assessed plaque according to the plaque index [26] ; these studies reported a mean percentage reduction of 6.2% (range 1.6%-12%) for the SnF 2 dentifrice compared to a negative control. Six studies [42, 43, 44, 45, 46] ; used the modified Quigley and Hein Index [25, 27] and reported a mean reduction in plaque of 15.3% (range 3.9%-25.8%) for the SnF 2 dentifrice compared to a negative control.
Gingival inflammation was assessed in 15 of the 21 studies (Table 2 ). Some used more than one index to measure the level of gingival inflammation. The mean reduction in gingival inflammation, registered as mean GI change, was 17.2% (range 5.3%-25.8%) greater in the SnF 2 groups than in the sodium fluoride groups The reduction in percentages of sites showing gingival bleeding was 32.4% greater in the SnF 2 groups (range 11.6%-72%). Figure 2 shows the results of the meta-analysis of gingival inflammation and the 6-month studies [39, 40, 41, 42, 43, 44, 46] . Brushing with SnF 2 toothpaste yielded significantly higher reductions in gingival inflammation. The SMD was -0.63 (95% CI: -1.11 to -0.15) with a significant reduction in the SnF 2 group (P ¼ 0.010) compared with the controls. When compared with negative controls only, the anti-gingivitis effect of SnF 2 had a significant SMD of -0.93 (95% CI: -1.40 to -0.46; P ¼ 0.0001) (see Figure 3) . Table 4 lists the four included studies on halitosis, which were published between 1998 and 2010. The studies were randomized and had a cross-over [59, 60, 61] or parallel design [33] . They evaluated the effect of either one-time [59] or repeated brushing [33, 60, 61] . The intervention was brushing with a toothpaste containing 0.454% SnF 2 alone [33, 59, 60] , in combination with sodium fluoride [61] , or in combination with tongue brushing [60] . Both single use and repeated exposure reduced breath malodor when using a SnF 2 toothpaste in comparison to control products. The studies reported a significant reduction in VSC after single use [33, 61] as well as after cumulative use and overnight readings [33, 59, 60, 61] . Table 5 presents the five included studies on stain, which were published between 2005 and 2013 [36, [62] [63] [64] [65] . The test period varied between 2 and 6 weeks. All studies were controlled, randomized, double-blinded, and parallel-grouped, and represented 488 patients (aged 19-74 yr) with 240 patients in the test groups and 248 in the control groups. In four studies, the test toothpastes contained 0.454% SnF 2 þ SHMP [36, 62, 63, 65] and were compared with a positive control of 0.243% NaF þ0.3% triclosan toothpaste. The fifth study [63] examined a stannous chloride and sodium fluoride toothpaste but had a positive control with only 0.454% SnF 2 . The overall results showed that the 0.454% SnF 2 þ SHMP toothpastes and the triclosan controls reduced the Lobene stain index, but at the end of the test periods, no significant differences in stain reducing effect were found. While there were no significant differences in mean Lobene scores between the stannous chloride and the triclosan dentifrices, the toothpaste with only SnF 2 had a higher stain score after 5 weeks than at baseline [63] .
Halitosis

Stain
Discussion
In the present review, toothpastes containing SnF 2 have been proven to have preventive and therapeutic effects against dental calculus, dental plaque, gingivitis, halitosis and stain. Comparisons with the effects of other toothpastes on these conditions favored a toothpaste containing SnF 2 . However, the meta-analyses on gingivitis showed a substantial heterogeneity in the results of the individual randomized trials.
Dental calculus
The significant reduction in calculus formation that occurred after 6 months of testing a toothpaste containing SnF 2 and a calcium phosphate-mineralization inhibitor (SHMP) compared with other toothpastes indicated a beneficial effect. Due to their hardness, calculus deposits can only be removed by scaling and polishing the teeth. SHMP acts by reducing the rate and extent of mineralization, thereby reducing calculus build-up. In the Winston et al. [37] study, home-based and unsupervised use of a SnF 2 dentifrice during normal hygiene Figure 2 . Forrest plot of baseline and after 6 month values (Standardized mean difference: SMD) of the gingivitis indices for the studies using a stannous fluoride (SnF 2 ) dentifrice compared to control dentifrice (positive and negative controls).
procedures effectively inhibited calculus regardless of the baseline levels of calculus. The significant anti-calculus efficacy that was observed is further evidence of the capacity of SHMP to interfere with calculus formation.
Dental plaque and gingivitis
A recent systematic review reported that use of a dentifrice with tooth brushing had a weak additional inhibitory effect on plaque regrowth when compared with tooth brushing alone [66] . The present systematic review demonstrated an increased plaque-reducing effect of a toothpaste containing SnF 2 compared with other toothpastes. Depending on the plaque index used and study duration, the reduction in dental plaque ranged from 1.6% to 25.8%. The effect was observed in both 24-hour as well as 6-month studies, indicating that both short-and long-term use of a SnF 2 dentifrice has a plaque inhibitory effect. Although long-term studies are desirable, studies of more than 6 months require a degree of compliance among participants that is sometimes difficult.
The present review found evidence for both direct and indirect effects on gingivitis development of brushing with a SnF 2 dentifrice. The indirect effect refers to the amelioration of gingivitis due to plaque reduction; the direct effect refers to a possible anti-inflammatory action, which both triclosan and SnF 2 have demonstrated, independent of how they affect bacteria [67] . The meta-analysis of the 6-month studies showed that stabilized SnF 2 significantly reduced gingival inflammation compared to positive and negative control dentifrices. The results of the present review are in line with the Paraskevas et al. [68] study, which reported that dentifrice containing SnF 2 reduced dental plaque as well as gingivitis.
Halitosis
The four papers [33, 59, 60, 61] evaluating the effect of a SnF 2 toothpaste on halitosis vary in number of exposures and in time point for measurement after exposure to the toothpaste. The overall picture, however, is that SnF 2 reduces the level of halitosis to a larger extent than comparative toothpaste products. The data are based on the combined level of hydrogen sulfide and methyl mercaptan, representing the VSCs produced by gram negative anaerobes most commonly found in bad breath. Other compounds, such as dimethyl sulfide and fatty acids, may also contribute [17] . The four papers reported limited information on the volunteers, but subjects with medical and oral conditions that could interfere with study measurements seem to have been excluded. The exact mechanism behind the positive findings is not fully known, but the antimicrobial effect of the SnF 2 compound is believed to play a significant role and also the effect of zinc in those toothpastes containing zinc citrate.
Stain
Several toothpastes on the market claim better stain-reducing capacities compared to conventional toothpastes. Historically, this effect has been due to the abrasive ingredient in the toothpastes. The studies in the present review have shown that a SnF 2 þ SHMP toothpaste plays an important role in stain reduction. All studies demonstrated that the SnF 2 þ SHMP toothpaste exhibited a stain-reducing effect equal to that of various control toothpastes. Clinical studies have shown that use of the polypyrophosphate formulation SHMP as the sole active ingredient in a toothpaste reduces the development of stain [69] . SHMP has the capacity to interact with stained pellicle films, remove the stain material, and then prevent adsorption of new chromogens by leaving a protective coating on the tooth surface [69] .
Clinical relevance
Several aspects affect the clinical significance of the findings of the present review. For example, other ingredients in a toothpaste may contribute to the effects of a toothpaste on dental plaque, gingivitis, stains, and to some extent halitosis. An abrasive ingredient is necessary to remove plaque and biofilm [70, 71] , so modern toothpastes often contain between 30% and 40% abrasives, which are usually various shapes and sizes of silica particles. Other aspects to be considered are the varying lengths and designs of the studies as well as the different indices used to measure results, which could well influence outcomes. This was especially obvious in the plaque and gingivitis studies; in the studies on stain and calculus, the small number of articles also potentially affected clinical significance. To conclude that the favorable results that the present review found are exclusively related to SnF 2 content, identical toothpastes with and without SnF 2 must be compared. Other factors, such as the unique silica content of the SnF 2 toothpaste, may contribute to the positive findings.
Bias
Analysis of the included papers followed SBU recommendations for quality assessment. Many of the studies were sponsored by the manufacturers or had authors employed by a toothpaste manufacturer. Although the studies were carefully executed and presented evidence of good quality, the involvement or support of the manufacturers could be regarded as a factor in potential bias. Additional studies that are less dependent on commercial interests and performed by independent researchers are needed. Studies with similar designs including comparable test and control products are necessary for conclusive findings.
Conclusion
The present review found that stabilized SnF 2 toothpaste had a positive effect on the reduction of dental calculus build-up, dental plaque, gingivitis, stain and halitosis. A tendency towards a more pronounced effect than using toothpastes not containing SnF 2 was found, though the results of the individual trials in the meta-analyses showed a substantial heterogeneity. However, a new generation of well conducted randomized trials are needed to further support these findings.
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